Cyclooxygenase (COX)-derived prostaglandins (PGs) regulate numerous maternal-fetal interactions during pregnancy. PGs stimulate uterine contractions and prepare the cervix for parturition, whereas in the fetus, PGs maintain patency of the ductus arteriosus (DA), a vascular shunt that transmits oxygenated placental blood to the fetal systemic circulation. However, the origin and site of action of these PGs remain undefined. To address this, we analyzed mice lacking COX-1 (null mutation) or COX-2 (pharmacologic inhibition) or pups with a double null mutation. Our results show that COX-1 in the uterine epithelium is the major source of PGs during labor and that COX-1 ؊/؊ females experience parturition failure that is reversible by exogenous PGs. Using embryo transfer experiments, we also show that successful delivery occurs in COX-1 ؊/؊ recipient mothers carrying wild-type pups, establishing the sufficiency of fetal PGs for parturition. Although patency of the DA is PG dependent, neither COX-1 nor COX-2 expression was detected in the fetal or postnatal DA, and offspring with a double null mutation died shortly after birth with open DAs. These results suggest that DA patency depends on circulating PGs acting on specific PG receptors within the DA. Collectively, these findings demonstrate the coordinated regulation of fetal and maternal PGs at the time of birth but raise concern regarding the use of selective COX inhibitors for the management of preterm labor. T he timing of parturition is synchronized with fetal maturity to prevent premature birth (1). Prostaglandins (PGs) are associated with parturition, stimulating such diverse functions as uterine relaxation, contraction, and postpartum involution (2). Evidence that PGs participate in parturition stems from the observation of increased PG levels during labor, increased uterine contractility after PG administration, and delay in the onset of labor by inhibitors of PG synthesis (3-5).
T
he timing of parturition is synchronized with fetal maturity to prevent premature birth (1) . Prostaglandins (PGs) are associated with parturition, stimulating such diverse functions as uterine relaxation, contraction, and postpartum involution (2) . Evidence that PGs participate in parturition stems from the observation of increased PG levels during labor, increased uterine contractility after PG administration, and delay in the onset of labor by inhibitors of PG synthesis (3) (4) (5) .
PGs are lipid mediators derived from the hydrolysis of cellular phospholipids. PG G͞H synthase or cyclooxygenase (COX) catalyzes the conversion of arachidonic acid to PGH 2 , the precursor to all prostanoids and thromboxanes. COX exists as two isoforms, COX-1 and COX-2, which share structural homology but arise from different loci (6) . COX-1 is widely expressed and is considered a constitutive isoform. However, its expression in the mouse uterus is regulated by estrogen and progesterone (7) . COX-1 Ϫ/Ϫ mice are a valuable model for studying labor, because they have delayed parturition and decreased pup survival (8, 9) . In contrast, COX-2 is rapidly induced in response to various cellular stimuli and is critical for ovulation, fertilization, and embryo implantation (10, 11) . Studies on parturition in COX-2 Ϫ/Ϫ mice are precluded by their infertility (10) (11) (12) .
The delivery of oxygenated blood from the placenta to the fetus depends on patency of the ductus arteriosus (DA), a vascular shunt coupling the main pulmonary artery with the aorta. This shunt bypasses the uninflated fetal lung and must remain open during pregnancy and labor. After delivery, fetal adaptation requires the establishment of spontaneous breathing and increased oxygen tension, leading to DA closure. The mechanisms that regulate ductal patency and closure are unclear. PGs are implicated in this process, because infusion of PGs maintains DA relaxation, and treatment with nonsteroidal antiinflammatory drugs (NSAIDs) induces its closure (13, 14) . PGE 2 is essential for DA regulation in mice, because targeted deletion of the EP 4 subtype of PGE 2 receptor results in neonatal death with an open DA and pulmonary congestion (15, 16) .
NSAIDs reduce uterine contractions and forestall preterm delivery but place the fetus at risk for in utero DA closure (17, 18) . Therefore, isoform-selective COX inhibitors have been used in an attempt to prevent fetal complications (19) (20) (21) . However, the specificity of COX expression during parturition is controversial, and the effects of selective COX inhibitors on the developing fetus are unknown. We used genetic and pharmacologic approaches to evaluate the contribution of COX-1-and COX-2-derived PGs to parturition and the relationship of maternal and fetal PGs during adaptation to extra-uterine life. Our results confirm that maternal COX-1 contributes significantly to parturition in the mouse, but that fetal PGs are sufficient to initiate labor. COX expression was absent in the DA, implying that PGs from maternal, placental, or fetal sources maintain DA patency via PG receptors within the ductus. Contrary to expectation, COX double null offspring have persistent patency of the DA rather than DA constriction, as occurs with NSAID treatment. Together, our findings suggest that selective COX inhibitors should be used with caution in the management of preterm labor until the regulation of DA patency is more fully understood. females were housed in cages with l liter per min 100% oxygen, providing 50-80% FiO 2 , from day 19 to postpartum day 1. The presence of a vaginal plug was considered day 1 of pregnancy. Adult and newborn mice were killed by cervical transection. Uterine and fetal tissues were collected and flash frozen at specified times for in situ hybridization. For determination of PG content, the amniotic sacs of day 19 uteri were opened, and pups were removed. Segments of uteri with attached placentae and fetal membranes were flash frozen and stored at Ϫ80°C. For embryo transfer experiments, wild-type and COX-1 Ϫ/Ϫ recipient females were mated with vasectomized males to induce pseudopregnancy. On the morning of day 4, blastocysts from wild-type donor females were recovered in Whitten's media, washed, and transferred into uteri of wild-type or COX-1 Ϫ/Ϫ recipients. Parturition events were continuously videorecorded under infrared filtered light in rooms with 0700-1900 day-night light cycles. The time of parturition was designated as the complete delivery of the first pup.
Methods
Determination of Prostaglandin Content. Levels of PGE 2 , PGF 2␣ , and 6-keto-PGF 1␣ (the stable hydrolysis product of PGI 2 ) were quantified by gas chromatographic͞negative ion chemical ionization mass spectrometric assays. Briefly, a weighed amount of uterine tissue that had been stored at Ϫ80°C was pulverized in liquid nitrogen. The nitrogen was evaporated and the lipids extracted with 5 ml of ice-cold methanol containing indomethacin (10 Ϫ6 M). , and the prostanoids were purified, derivatized, and analyzed as described (22) . The precision and accuracy of the assay were 6% and 95% for PGE 2 and PGF 2␣ and 4% and 96% for 6-keto-PGF 1␣ . Interday variability for each assay is Ͻ10%.
Response to Drug Administration. PGF 2␣ , PGE 2 , and cPGI, a stable analog of PGI 2 (Cayman Chemicals) were stored in 100% ethanol at Ϫ20°C. A range of doses was diluted in sesame oil and optimal dosage determined. Control animals received a similar volume of ethanol in oil. PGs were given at 1600 h on day 19, and the timing of parturition and pup vitality was observed by infrared videorecording over the next 24-96 h. Indomethacin (Sigma) or a selective COX-2 inhibitor (celecoxib; Searle) was reconstituted in 1% methylcellulose and gavage fed at 0800 and 1800 h on selected days. A range of celecoxib doses, 10-600 mg͞kg͞dose twice per day (b.i.d.), was given to one group of wild-type CD-1 females (Fig. 2B) 17) , such that the treatments of all of the animals were completed by the morning of day 19. An additional group of animals received celecoxib 600 mg͞kg͞dose b.i.d. until the morning of day 20 (three doses, begun on day 19, or seven doses, begun on day 17) to complete the dose-ranging studies. Parturition outcomes were videorecorded or animals were killed to determine the status of the fetal DA. Visual assessment of DA constriction was estimated in 25% increments by a single observer (J.R.).
In Situ Hybridization. In situ hybridization was performed as described (11) . Portions of day 19 uteri containing two to three pups were collected and flash frozen. For cardiac sections, the fetal heart was briefly fixed with 10% buffered formalin marked with blue dye, and portions of the right ventricle, pulmonary outflow tract, and DA were dissected free and flash frozen. Ten-micrometer sections of cardiac and uterine͞fetal tissues were mounted onto the same polyL-lysine-coated slides, fixed in cold 4% paraformaldehyde, acetylated, and hybridized at 45°C for 4 h in formamide hybridization buffer containing 35 S-labeled COX-1 or COX-2 cRNA probes (7, 23) . RNase A-resistant hybrids were detected by autoradiography after 3-to 10-day exposure by using Kodak NTB-2 liquid emulsion. Parallel sections were hybridized with the corresponding sense probe.
Statistical Analysis. PG content (mean Ϯ SEM) and strain specificity results were compared by Student's t test. Third order orthogonal polynomial regression yielded best-fitting curves for strain-specific pup survival. The effects of gestational length and genetic background on pup survival were analyzed by multiple linear regression and univariate ANOVA. The difference in DA constriction between groups was tested by Mann-Whitney U rank comparisons. 5 ). Low levels of COX-2 mRNA were also detected in the labyrinthine layer of the placenta and the fetal liver (supplemental Fig. 4 ). COX-2 expression was undetectable in the uterine epithelium or myometrium but was consistently present in the yolk sac. The amniotic membrane was devoid of both COX-1 and COX-2 mRNA. In situ hybridization revealed no alteration in the pattern or intensity of COX-2 signals in COX-1 Ϫ/Ϫ uteri (data not shown), suggesting there is no compensatory COX-2 up-regulation in COX-1 Ϫ/Ϫ mice.
Results
To determine whether these expression patterns affected the spectrum of PGs produced during labor, we measured the PG content of wild-type and COX-1 Ϫ/Ϫ uterine tissues after the removal of pups. Wild-type uteri with intact placentae and fetal membranes showed higher levels of prostacyclin than PGE 2 or PGF 2␣ (Fig. 1C) . In contrast, uteri from COX-1 Ϫ/Ϫ mice contained significantly reduced levels of these PGs. Collectively, these results show nonoverlapping COX-1 and COX-2 expression with the majority of PGs originating from COX-1, and that decidual COX-2 expression does not compensate for the lack of COX-1-derived PGs for parturition.
Absence of COX-1 or COX-2 Differentially Alters Parturition. Parturition failure in COX-1 Ϫ/Ϫ females (8, 9) and reduced uterine contractions in response to NSAIDs (18, (24) (25) (26) suggest that PGs are required for parturition. To define this mechanism further, we evaluated the response of COX-1 Ϫ/Ϫ mice to treatment with specific PGs. The targeted COX-1 deletion was reestablished in an outbred strain of mice (CD-1) to improve breeding vigor and to examine strain-specific modifications of the phenotype. As compared with wild-type mice, the length of gestation in 129͞Bl6 or CD-1 COX-1 Ϫ/Ϫ mice was prolonged by 1-2 days [129͞Bl6: 19.4 Ϯ 0.7 (ϩ͞ϩ) vs. 21.7 Ϯ 1.2 (Ϫ͞Ϫ) days; CD-1: 19.6 Ϯ 0.5 (ϩ͞ϩ) vs. 20.5 Ϯ 0.9 (Ϫ͞Ϫ days]. The pup survival rate was significantly reduced when gestation was prolonged beyond 21 days (Fig. 1D) . By subgroup, COX-1 Ϫ/Ϫ mice on a CD-1 background had more surviving pups than 129͞Bl6 mice (6.2 Ϯ 5.3 vs. 2.9 Ϯ 3.6, P Ͻ 0.05) and delivered at an earlier gestational age (20.5 Ϯ 0.9 vs. 21.7 Ϯ 1.2 days, P Ͻ 0.01). Multivariate analysis showed that the increased number of surviving pups was the result of the shorter gestational period rather than the strain difference. Thus, CD-1 COX-1 Ϫ/Ϫ females were as likely as 129͞Bl6 COX-1 Ϫ/Ϫ females to experience parturition failure, although the phenotype was more severe in the CD-1 background when delivery occurred beyond 21 days. There was no difference in the duration of parturition (time from first to last pup) between wild-type and COX-1 Ϫ/Ϫ mice. We examined the dose-dependent rescue of parturition failure in COX-1 Ϫ/Ϫ mice by PGF 2␣ , PGE 2 , and carbaprostacyclin (cPGI), a stable analogue of PGI 2 . As stated above, wild-type females delivered earlier and had higher pup survival (89.9% vs.
27.7%, P Ͻ 0.001) than COX-1 Ϫ/Ϫ females ( Fig. 2A) . Doses of PGF 2␣ (1.0 mg͞kg), PGE 2 (5.0 mg͞kg), or cPGI (100 mg͞kg) were chosen, which resulted in the shortest gestation and greatest pup survival (Fig. 2 A) . At higher doses, PGF 2␣ was particularly effective in promoting the expulsion of pups, but survival rates were greatly diminished. In contrast, a wide range of cPGI doses (0.4-100 mg͞kg) did not significantly affect gestational period or pup survival, corresponding to its role in smooth muscle relaxation. Thus, COX-1 Ϫ/Ϫ mice provided a model for parturition in which the response to individual PGs was assessed.
The significance of COX-2 expression in the decidua was examined by using pharmacologic inhibition, because COX-2 Ϫ/Ϫ females are infertile. In the mouse, selective inhibition of COX-2 has been demonstrated at a dose of 10 mg͞kg of celecoxib (27) . The gestational period (20.0 Ϯ 0.5 days) of wild-type CD-1 mice at this dose was not significantly different from untreated mice (Fig. 2B) . At a higher dose (600 mg͞kg), celecoxib treatment resulted in delayed parturition (19.6 Ϯ 0.5 days vs. 20.4 Ϯ 0.1 days, P Ͻ 0.05) and decreased pup survival. Thus, celecoxib can prolong gestation and induce adverse effects on the fetus similar to nonselective NSAIDs (18, (24) (25) (26) , but only at doses that may also inhibit COX-1 activity.
Fetal PGs Contribute to Parturition. The failure of parturition in COX-1 Ϫ/Ϫ mice allowed us to assess the contribution of fetalderived PGs during labor. In contrast to an earlier report (8), we found no improvement in pup survival when COX-1 Ϫ/Ϫ females were pregnant with heterozygous pups (by mating to COX-1 ϩ/ϩ males) (Fig. 2C) . However, transfer of wild-type blastocysts to the uteri of pseudopregnant COX-1 Ϫ/Ϫ females reduced the parturition delay and resulted in improved pup survival. Although the transfer procedure altered the timing of delivery, there was no difference between COX-1 Ϫ/Ϫ and wild-type mothers who received wild-type blastocysts, suggesting that COX-1-derived fetal PGs are sufficient to induce parturition.
Regulation of the Fetal Ductus Arteriosus. Fetal perfusion and oxygenation depend on patency of the DA, yet the source of PGs that regulate ductal tone is unknown. By in situ hybridization of DA and uterine sections on the same slide, we observed low to undetectable levels of COX-1 and COX-2 expression in the DA vessel wall (Fig. 3 G and H) compared with that of uterine and placental tissues ( Fig. 1 A and B) . COX-1 and COX-2 mRNAs were also absent in the newborn DA (1 h of age) at the time of its constriction (supplemental Fig. 6 ; see www.pnas.org). The absence of COX-1 and COX-2 expression in the fetal and neonatal DA was confirmed by reverse transcription-PCR (supplemental Fig. 7) . Overall, there was little evidence to support significant COX expression in the pulmonary artery, DA, or aorta.
In all wild-type pups, complete DA closure was observed within 1-3 h of birth (Fig. 3 A-C) . The DA of surviving COX-1 Ϫ/Ϫ pups was closed by 3 h of life, suggesting that DA constriction occurs normally when COX-1-derived PGs are absent throughout development. To define further the role of COX-1 or COX-2 in DA patency, the effects of maternal treatment with indomethacin or a selective COX-2 inhibitor were evaluated, because maternal ingestion of NSAIDs is associated with fetal DA constriction (15, 17, 18) . Wild-type pups whose mothers received indomethacin showed more constriction of the DA than pups exposed to high maternal doses (600 mg͞kg) of celecoxib (P Ͻ 0.001) (Fig. 3D) . Developmental maturity also affected in utero DA constriction, because pups from mothers with celecoxib-induced delayed parturition (day 20, n ϭ 36) had more DA constriction than celexoxib-exposed pups examined on the day of expected delivery (day 19, n ϭ 53) (P Ͻ 0.01). In contrast to an earlier report (15) , complete in utero DA closure was observed only infrequently. Thus, PGs do not appear to be significantly produced within the DA, and the effects of NSAIDs or selective COX inhibitors on the fetal DA are likely via reduction in circulating PGs.
Interbreeding ) and general appearance at birth, but 
pups consistently died within 24 h of birth. Although the cause of death is unknown, all double null pups who survived for 8 h had widely patent DAs, whereas DAs of their littermates were tightly closed. COX-1 Ϫ/Ϫ ͞COX-2 Ϫ/Ϫ pups were able to suckle and were appropriately nested by the mother. The increased mortality of COX-1 Ϫ/Ϫ ͞COX-2 Ϫ/Ϫ pups was not improved by Caesarian section and placement with a foster mother (six litters) or by perinatal treatment with increased environmental oxygen (seven litters). COX-1 Ϫ/Ϫ ͞COX-2 Ϫ/ϩ and COX-1 Ϫ/Ϫ ͞COX-2 ϩ/ϩ littermates routinely survived to adulthood and were fertile. Thus, the absence of both COX isoforms throughout development may be different from COX inhibition by NSAID treatment, because the former results in death with a patent DA, whereas the latter causes DA constriction.
Discussion
This study demonstrates that COX-1-and COX-2-derived PGs differentially regulate maternal-fetal interactions during late gestation and reveals the sufficiency of fetal PGs for parturition. These experiments comprehensively map the sites of PG synthesis in the whole embryo and uterus and demonstrate the impact of selective COX-1 or COX-2 loss on parturition. Although parturition in the mouse is primarily regulated by COX-1, blood flow within the fetus appears to be controlled by circulating PGs acting on specific PG receptors in the DA. Surprisingly, COX double null mice are viable throughout development but die as neonates because of dysregulation of the DA.
The importance of PGs for parturition is highlighted by the phenotype of COX-1 Ϫ/Ϫ mice. Our observation of delayed parturition and reduced pup survival in COX-1 Ϫ/Ϫ mice on two genetic backgrounds suggests that this phenotype is unaffected by strain-specific modification and confirms that COX-1 is the primary source of PGs for parturition. The etiology of pup mortality is not clear but is similar to human fetal demise during postterm delivery, where infant mortality is proportional to the length of gestation (28) . Parturition failure is the suspected cause of pup mortality in homozygous females carrying COX-1 Ϫ/Ϫ pups (8). However, there are conflicting reports on the outcome of COX-1 Ϫ/Ϫ mothers mated with heterozygous or wild-type males (8, 9) . Our results clearly show that pup survival is determined by the length of gestation, and that COX-1 Ϫ/Ϫ females can deliver viable offspring if conditions permit delivery before day 21 of gestation. Further, the transfer of wild-type embryos to COX-1 Ϫ/Ϫ females illustrates a significant role for fetal PGs in parturition. The opposite experiment was performed by Gross et al., who showed that wild-type females could deliver COX-1 Ϫ/Ϫ offspring without difficulty (9) . Thus, although the uterine epithelium appears to be the predominant source of PGs during labor, our results demonstrate that the fetus can provide the necessary PGs for timely parturition. This effect appears to be dose dependent, because heterozygous offspring cannot induce parturition in COX-1 Ϫ/Ϫ females ( Fig.  2C and ref. 9 ). The actions of fetal PGs are unknown but are presumed to induce ovarian luteolysis and possibly contribute to uterine contractility and cervical maturation.
In wild-type mice, distinct cell-specific expression patterns were noted for COX-1 and COX-2. COX-1 is expressed in the uterine luminal epithelium around the fetus, with extension throughout the interimplantation sites. Although COX-1 expression has been described in the mouse decidua (9), we and others (29) have shown that COX-1 is predominantly expressed in the uterine epithelium. Polarized cells secrete PGs apically or basolaterally (30) . Thus, COX-1-derived PGs in the luminal epithelium may act in a paracrine manner to induce muscular contractions for delivery of pups. Accordingly, PG receptors in the myometrium are regulated to enhance the contractile response and relax the lower uterine segment during parturition (31) (32) (33) (34) . Alternatively, Tsuboi et al. suggest that COX-1-derived PGs are responsible for luteolysis, whereas COX-2-derived PGs are produced at a later stage of labor and are associated with the final steps of parturition (29) . In our studies, COX-2 expression was highest in decidual cells. The decidual layer is of maternal origin and marks the region where placental separation occurs during parturition. Despite COX-2 expression in this critical region, selective inhibition of COX-2 by celecoxib did not inhibit parturition except at doses that may also inhibit COX-1. The differential expression of COX-1 and COX-2 suggests their distinct contribution to parturition. However, there are conflicting reports on the relative importance of COX-1 (9, 35, 36) and COX-2 (37-42) expression during labor. In humans, COX-2 up-regulation is more strongly associated with the onset of labor (2) (3) (4) (5) and is found primarily in the placenta and fetal membranes (38) (39) (40) (41) (42) . In addition, delay in the onset of human premature labor has been reported in response to nimesulide, an NSAID that preferentially inhibits COX-2 (20) . We speculate that the uterine epithelium may assume the role of the human amniotic epithelium as the primary source of PGs for parturition in the mouse.
COX-1 Ϫ/Ϫ uteri show compensatory up-regulation of COX-2 before implantation (23) . During parturition, the low level of PGs produced in COX-1 Ϫ/Ϫ uteri is not compensated by decidual COX-2, suggesting that the compensatory mechanism is ineffective during labor. Prostacylin is the major PG in mouse and human labor, yet its specific functions have not been identified (43, 44) . Mice harboring a mutation of the prostacyclin receptor (IP) have normal fertility and parturition (45) . However, there is recent evidence that prostacyclin's effects in the mouse uterus are mediated by the nuclear receptor PPAR␦ rather than the cell surface receptor IP (12) . Carbaprostacyclin was unable to rescue the parturition failure of COX-1 Ϫ/Ϫ mice (Fig. 2 A) . Although prostacyclin is typically associated with smooth muscle relaxation, stimulation of the uterus has been observed at higher doses (44) . Its preference for cell-surface or nuclear receptors during parturition is unknown. In contrast, single doses of PGE 2 or PGF 2␣ effectively rescued the phenotype of COX-1 Ϫ/Ϫ mice. Studies in FP Ϫ/Ϫ mice show that PGF 2␣ acts on ovarian FP receptors with induction of luteolysis and a corresponding fall in P 4 levels (29). However, PGE 2 is considered to be luteotrophic and is unlikely to act via this pathway. Thus, the response of COX-1 Ϫ/Ϫ mice to PGE 2 may be related to direct activation of myometrial or cervical PGE receptors or to an unanticipated role as a luteolysin. The differential response of COX-1 Ϫ/Ϫ mice to individual PGs and other uterotonic agents is currently under study.
Premature birth accounts for the majority of human neonatal deaths and long-term disability, and its incidence continues to rise even though preterm labor is recognized more frequently (46) . Although premature labor can be inhibited with NSAIDs, their use is associated with DA closure in utero (17, 18) . Initial enthusiasm for the use of selective COX-2 inhibitors in human premature labor (20) has been dampened by reports of their adverse effects on the fetus (47) . The use of selective COX inhibitors to treat premature labor might offer additional benefit if the origin and specificity of peripartum PGs were known. Despite evidence for PG production by the DA in vitro (48), we observed minimal COX-1 or COX-2 expression in the mouse DA during labor or with postnatal closure. Selective inhibition of COX-2 had less effect on in utero DA constriction than nonselective NSAIDs. These results, together with our uterine studies and the presence of PG receptors in the DA (15, 16, 48) collectively suggest that COX-1-derived PGs from fetal, placental, or maternal sources act on the DA in an endocrine, rather than paracrine or autocrine manner. The timely closure of the DA in COX-1 Ϫ/Ϫ mice further suggests that the absence of COX-1-derived PGs during development may be compensated by other mechanisms, whereas acute inhibition of PG synthesis affects both parturition and DA patency. In this regard, both COX-1 Ϫ/Ϫ and COX-2 Ϫ/Ϫ pups survive without a DA phenotype (8, 10), whereas we observed that COX-1 Ϫ/Ϫ ͞COX-2 Ϫ/Ϫ double null pups die on the first day of life with an open DA. These findings are similar to those in mice lacking the PGE 2 receptor subtype EP 4 (15, 16) . If PGs are required to maintain DA patency, then these results suggest that an acute withdrawal of PGs acting on PG receptors in the DA is distinct from the absence of PG signaling throughout development. Furthermore, oxygen administration to double null pups did not improve their survival, suggesting that dysregulation of PG ligand-receptor interactions in double null mice cannot be overcome by the multiple factors that mediate oxygen-induced DA constriction (13, 48) . Until the mechanisms for maintaining DA patency are better understood, the use of selective COX inhibitors for the treatment of premature labor will involve some risk to fetal survival. The development of agonists or antagonists to specific PG receptors may lead to more effective means of preserving DA patency during the treatment of preterm labor once the sequence of molecular events in parturition and fetal adaptation is known. 
